because of their links with atherosclerosis, obesity, or type 2 diabetes mellitus [13, 14] cause-eff ect relationships between infl ammation, oxidative stress, and disease are not clear; but several studies associate features of MetS with higher concentrations of infl ammatory biomarkers. [15, 16] Furthermore, recent findings indicate that elevated levels of adipokines and acute-phase infl ammatory markers are associated with some manifestations accompanying features of MetS (adiposity, insulin resistance, dyslipidemia, etc.), and an increased risk for cardiovascular disease. [17] [18] [19] If antioxidants play a protective role in the pathophysiology of diabetes and cardiovascular diseases, understanding the physiological status of antioxidant concentrations among people at high-risk for developing these conditions, as individuals with MetS, is of interest. However, li le is known about this Background: Th is systematic review paper aims to study the experimental and human studies on the relationship between metabolic syndrome (MetS), its component and selenium (Se) concentration. Materials and Methods: Th e literature was searched in PubMed, Scopus, and Google Scholar databases with no time limitation using MetS X and Se key words in medical subject heading. Th e related papers were selected in three phases. After quality assessment, two reviewers extracted the data, whereas the third reviewer checked their extracted data. All evidence comes from experimental and laboratory studies. Results: Finally, 18 articles were included. While, some studies documented that as an antioxidant agent, Se might be correlated with endothelial function, large controversy exists about the type of correlation including positive, negative, and no correlation between MetS and Se levels in body. Some of the reviewed studies were focused on antioxidant supplementation eff ects on MetS, results also varied in this regard. Conclusion: Th is inconsistency could be because of diversity in study design, population, lack of special focus on Se and MetS, and fi nally the complex nature of MetS.
INTRODUCTION
Metabolic syndrome (MetS) has become a major global disease, [1] it represents a clustering of abnormalities typically involving abdominal obesity, insulin resistance, dyslipidemia, and hypertension. [2] MetS is common [3] [4] [5] and its risk increases with age. [4] In addition, various other abnormalities of uric acid, infl ammation, hemostasis, and fi brinolysis are o en considered part of this syndrome. Not surprisingly, people with the MetS are at high-risk for developing diabetes and cardiovascular diseases. [6] [7] [8] [9] [10] Oxidative stress may also play a role in the pathophysiology of diabetes and cardiovascular disease. [11, 12] The role of infl ammation and oxidative stress on several chronic diseases is receiving increasing attention topic. Because the prevalence of obesity, which is associated with decreased concentrations of antioxidants, [20] is high among people with MetS, they are probably more likely to have low antioxidant concentrations.
On the other hand, epidemiological studies have shown that selenium (Se) is a protective factor against cardiovascular diseases. [21, 22] Its protective ability is considered due to the fact that Se has anti-infl ammatory and antioxidant properties. [23, 24] Furthermore, the inverse correlation between serum Se and high-sensitive C-reactive protein (CRP) indicates that low Se level may be associated with oxidative stress, which may cause lipid peroxidation. [25] Se considered as a micronutrient and is an essential trace element in human metabolism. New researches have shown a pivotal role for this element in human health. [26] Se has antioxidant and anti-inflammatory role through glutathione peroxidase (GPx) which can reduce hydrogen peroxide, lipid and phospholipid hydroperoxides, radicals, and reactive oxygen species. [27] This trace element may have a protective role against cardiovascular disease due to the ability of GPx to reduce the oxidative modification of lipids and to decrease platelet aggregation. [28] Because Se is normally found in signifi cant amounts in immune tissues and has many eff ects on immune system, defi ciency of Se is accompanied by loss of immunocompetence. [27, 29, 30] Many dietary and lifestyle factors may contribute to increasing risk of developing MetS and cardiovascular disease, [31] and oxidative stress, and low antioxidant status may be associated with the unfavorable metabolic pa ern. Available data are inconsistent.
Race, study design, animal or human studies, and diff erent characteristics of participants such as sex, age, and body weight are other factors that infl uence diff erences in the fi ndings obtained in various studies. This study aims to review the fi ndings of human studies on the association of Se with MetS.
MATERIALS AND METHODS

Literature search
The search was conducted using Medline, Scopus, and Google Scholar databases to May 24, 2014 . We search in the Medline literature database through PubMed and In PubMed, we used the medical subject heading.
Keywords including as MetS X and Se were used. The search was refi ned to the English language on human studies. We did not consider any time limitation. For any additional pertinent studies, the reference list of all relevant papers was screened as well. The process of selecting studies is depicted in Figure 1 .
The methodological quality of each eligible paper was assessed using a checklist based on guidelines provided in an earlier study, [32] in which papers were assigned up to a total score of 8 for fulfi lling the main issues in prevalence studies, including sampling, measurements, and analysis.
Titles and abstracts of papers were screened and relevant papers were selected and duplicates were removed. Then, full texts of relevant papers were read, and findings were rescreened. Two independent (MK and MT) reviewers screened titles and abstracts of papers identified by the literature searches for their potential relevance or assessed the full text for inclusion in the review. In the case of disagreement, and the discrepancy was resolved in consultation with a third arbitrating investigator (RK).
Data extraction and abstraction
Two reviewers abstracted the data independently. The required information that was extracted from all eligible papers was as follows: Data on first author's last name, year of publication and country of the study population, the study name, study design characteristics, study population, type of study, aim, and finding of studies. that MetS has no correlation with serum Se, zinc (Zn) and copper (Cu) concentration and superoxide dismutase and catalase activity. Higher GPx was found in subjects with MetS as well as in individuals with hypertriglyceridemia, and Cu concentration shown a signifi cant correlation with CRP. [33] Hughes et al. in 1998 in Singapore showed that in both genders people with noninsulin-dependent diabetes mellitus had higher mean body mass indices, waist-hip ratios, and abdominal diameters. Higher prevalence of hypertension, higher mean levels of fasting serum triglyceride, slightly lower mean levels of serum high-density-lipoprotein (HDL) cholesterol, and higher mean levels of plasma plasminogen activator inhibitor-1 and tissue plasminogen activator. These factors are components of MetS and increase the risk of atherosclerosis and thrombosis. However, no important diff erences existed for plasma Vitamins A, C, and E, and especially in this case, serum Se, which are antioxidants. [32] Ford et al. in a cross-sectional study in 2003 evaluated antioxidant status among individuals from United States with MetS who were at high-risk for developing these conditions, data revealed from this study showed that adults with MetS have suboptimal concentrations of several antioxidants, which may partially explain their increased risk for diabetes and cardiovascular diseases and no signifi cant diff erences existed in the concentrations of serum Se. [33] Vidovic et al. in 2013 showed that the plasma Se level correlated positively with MetS, waist circumference, plasma glucose, and triglyceride concentration in Serbian patients with schizophrenia. In contrast, plasma Zn did not correlate with any of the MetS components [34] Obeid et al. in 2008, evaluated the relation between the status of plasma Zn, Cu, and Se, especially in terms of their relation to the components of MetS in a cross-sectional study in Lebanon. Their data revealed that plasma Se levels correlated positively with all MetS components. [35] Arnaud et al. in 2012 in a cross-sectional study investigated the relationships between plasma Cu, Zn, and Se concentrations and MetS in France. Results indicated gender diff erences in the association between plasma Se concentration and MetS without diabetes; they suggested a subclinical deleterious eff ect of high Se concentrations in women. [36] Puchau et al., in four diff erent studies from 2009 to 2010 in Spain, evaluated the associations between serum complement factor 3 (C3) and several anthropometric, biochemical and lifestyle features in healthy young adults, emphasizing on the putative eff ect of Se intake on C3 concentrations, potential associations between nail trace elements and several indicators in healthy young adults focusing on the eff ect of antioxidant trace element intake on infl ammation-related marker concentrations, potential associations among dietary total antioxidant capacity and several early MetS manifestations and potential associations between serum asymmetric dimethylarginine (ADMA) and several anthropometric, biochemical, and lifestyle features in healthy young adults. These studies showed a possible role for Se intake in the modulation of C3; its assessment may be an early marker of the MetS manifestations. [37] Nail content on some trace elements related to antioxidant defense mechanisms seems to be associated with several infl ammation-related markers linked to chronic diseases in apparently healthy young adults, [38] negative and signifi cant associations between MetS and Se intake. [39] ADMA seems to be related with Se status and several anthropometric and biochemical measurements linked to MetS in apparently healthy young adults. These fi ndings support a role for antioxidant/trace element intake in the modulation of ADMA; its assessment may be a marker for MetS. [40] Mutakin, et al. in 2013, conducted a cross-sectional study that aimed to examine the possible correlation between Se nutritional status and metabolic risk factors in men with visceral obesity in Indonesia. It showed that negative association between Se nutritional status and metabolic risk factors is limited to a particular group of obese men with or without MetS. [41] Ghayour and triglycerides concentrations. [43] Moreover, Zulet et al. in 2009 conducted an observational study that evaluated the potential relationships between serum sialic acid (SA) a levels, MetS features, and dietary Se intake in Spain to test the hypothesis that this antioxidant micronutrient may also have anti-infl ammatory properties in healthy young adults. It showed that subjects with higher dietary Se intake showed signifi cantly lower SA levels compared with subjects with lower dietary Se intake, while dietary Se negatively correlated with SA and recommended Se as a potential anti-infl ammatory nutrient. [37] Contrary to the results of these two papers, Czernichow et al. in 2009 , during a clinical trial study in France examined the eff ect of antioxidant supplementation for 7.5 years on the incidence and the epidemiologic association between baseline serum antioxidant concentrations and the prospective risk of MetS. This longitudinal study showed that antioxidant supplementation for a period of 7.5 years did not aff ect the risk of MetS. [44] In addition, Basu et al. in 2013 during a clinical trial showed that Se was not aff ected by green tea supplementation in cases with MetS in the United States. [45] Silva et al. investigated the relationship between habitual physical activity and dietary intake, body composition, metabolic and hormonal variables, and cardiovascular risk factors in Brazilian postmenopausal women with no evidence of cardiovascular disease in 2013. The results showed that active women had higher protein, total fat, cholesterol, iron, calcium, and the antioxidant micronutrients Zn and Se intake. [46] Perez-Cornago et al. in 2014, evaluated the association between dietary intake of water, fi ber, Vitamin B6, ascorbic acid, tryptophan, magnesium, and Se with mood state in subjects with MetS in Spain. The results showed those participants who consumed more water, fi ber, Vitamin B6, ascorbic acid, tryptophan, magnesium, and Se had higher mood. [47] Summary of the studies on the association of Se and MetS are shown in Table 1 .
DISCUSSION
In recent years, along the prevalence of adolescent obesity, the rate of MetS incidence increased dramatically [48, 49] and diet is the one of most important factor in this increased incidence. [50] Micronutrients are considered as an essential part of the diet which have an important role in metabolism regulation. [51] Se is an essential micronutrient and has multiple roles in metabolism homeostasis. Particularly, in normal concentrations Se has an adverse eff ect on oxidant species and consequently has a protective role against cardiovascular disease. [26] On the other hand, MetS is one of the important causes of cardiovascular diseases. [48] In the current study, we provided and summarized the information about the relationship between MetS components and Se as a trace element. The evidence comes from experimental studies.
As mentioned before, Se is considered as an antioxidant agent and its expected the concentration of this element be found correlated with endothelial function. Some studies support the hypothesis that Se levels have no correlation with MetS. [33] [34] [35] However, some other studies support the hypothesis which Se levels have a positive correlation with MetS. [36] [37] [38] Controversy exists between results obtained from studies on the correlation of MetS and Se levels are complete when the some other studies suggest that Se has a negative correlation with MetS. [39] [40] [41] [42] [43] The controversy between results also seen in another type of studies, the eff ect of Se together other antioxidants on metabolic profi le and health was evaluated in some of the clinical trials. The results of these studies were diff erent too. [37, [44] [45] [46] [47] Furthermore, the relation between lifestyle, MetS, Se status and the psychological state has been studied in two independent studies, the results from both of studies showed a positive correlation between the quality of life and Se status. [48, 49] 
CONCLUSION
Large controversies exist about the eff ects and correlation of Se on a component of MetS, which may be due to diff erences in study designing and population. In addition, there are a few articles focused specifi cally on Se and MetS. Instead, many confounding factors were included in these papers. This controversy in the study fi ndings could also be because of the complex and multifactorial nature of MetS, and diff erent defi nitions used for this disorder.
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